The aim of this study was to synthesize and characterize the biodegradable intraocular implants based on poly (D,L-lactide-co-glycolide) (PLGA 75:25) with Cyclosporine-A (CyA) and to evaluate their in vitro drug delivery profile. Thermal analysis was conducted by using Thermogravimetry (TG) and Differential Scanning Calorimetry (DSC). Phase analysis and crystallinity of the polymer-CyA samples were assessed through X ray diffraction (XRD) and Fourier transform infrared spectroscopy (FTIR). Finally, microstructure and morphology of the systems were investigated by Scanning Electron Microscopy (SEM). The results showed that CyA was successfully incorporated into PLGA network with drug loading of approximately 31.6%. Also, based on FTIR and thermal analyses (TGA/DSC) no significant physical-chemical interaction was detected at the micro-nanoscale level between polymer/drug. SEM micrographs have indicated a uniform drug distribution in PLGA matrix. XRD patterns have showed that the incorporated semi-crystalline structure of CyA has not significantly altered the polymeric mainly amorphous network. In addition, the results have confirmed the chemical and biological drug stability, the drug distribution into the polymeric matrix and the possibility of cyclosporine prolonged delivery system profile.
Introduction
Biodegradable polymers have been largely used in pharmaceuticals and biomedical field, respectively as delivery systems or as biomaterials 1 . The poly (D,L-lactide-co-glycolide) is a classic example amongst the synthetic polymers and has been well applied as drug delivery system due to its satisfactory biocompatibility and absence of significant toxicity in vivo studies 2, 3 . Due to biodegradable intraocular implants nanoparticle constitution, the nanoscience can be an important tool to study their properties based on the polymer/ drug interaction analysis.
The drug/polymers interface has been previously reported and characterized by conformational, spectroscopic, thermal and morphological techniques in order to detect possible polymer and drug interaction and to justify the preliminary in vitro release profile. The PLGA 75:25, presents linear chain containing 75% glucolide and 25% lactide. The lactide differs from glycolide by the presence of methyl group, characterizing its higher hydrophobicity. The polymer proportion and the chain size will define the in vitro and in vivo copolymer degradation. Besides that, this copolymer presents an amorphous state and its glass transition temperature occurs at, approximately 50 °C. This material also presents thermoplastic property where copolymer chains are held together by relatively weak van der Waals and dipole-dipole forces 1 . The CyA is a cyclic endecaptide commonly used as a selective immunosuppressive drug, with anti-inflammatory properties effective in the treatment of the posterior uveitis isolated from fungal. The lyophilized drug exhibits characteristics consisted with a glass thermotropic liquid in a semi-crystalline state and has solid-liquid phase transition in range of 118-125 °C 11 . The presence of β-sheets intermolecular interaction indicates the molecular stability and biological activity was maintained 4 . Cyclosporine A has been widely and effectively used for the treatment of various forms of chronic uveitis. However, poor penetration of topical CsA into the eye and serious systemic toxicity produced by oral administration require a new approach to overcome the hurdles of blood-ocular block and low bioavailability of CyA 12 .
In the present work, our main goal was the development and characterization of an Intraocular Biodegradable Polymer System based on poly(D,L-lactide-co-glycolide) (PLGA 75:25) and the Cyclosporine A (CyA), so it will be possible to replace the conventional forms of systemic drug administration for the treatment of one important group of ocular disease, posterior uveitis.
Experimental Procedure

Preparation of the intraocular implants
The intraocular implants were prepared by molding a lyophilized mixture consisted of a homogeneous mass containing 75% of poly(D,L-lactide-co-glycolide, in ratio of 75:25, called PLGA 75:25) and 25% of cyclosporine A (CyA) into rods using a Teflon ® sheet heated on a hot plate at a temperature from 100 to 120 °C. The lyophilized mixture was obtained by dissolving PLGA 75:25 and cyclosporine A (CyA) in a adequate quantity of acetonitrile as organic solvent (CH 3 CN). The formed solution was then lyophilized during 24/48 hours.
X ray diffraction analysis (XRD)
The lyophilized samples PLGA 75:25, CyA and lyophilized mixture was analyzed by (PHILIPS, PW1710) using CuKα radiation with λ = 1.54056 Å. XRD analyses were conducted in the 2θ range from 3.03 to 89.91° with steps of 0.06°. Narrow peaks identified within the scan range were confirmed using previously published literature 9 .
Thermogravimetry characterization (TG)
The thermal stability was evaluated by thermogravimetry analysis (TG, Shimatzu TGA 50H). The lyophilized samples PLGA 75:75 and CyA were heated in sealed platinum pans at a heating rate of 10 ° C. min -1 from room temperature to 750 °C under nitrogen atmosphere at rate of 50 mL.min 
Differential scanning calorimetry characterization (DSC)
To evaluate the possible interaction between the compounds, the thermal analysis was performed by differential scanning calorimetry (DSC, Shimatzu DSC-50). The samples CyA, PLGA 75:25 and lyophilized mixture was heated in sealed aluminum pans, and the first scan was measured at a heating rate of 10 °C.min -1 from 100 to 180 °C under helium atmosphere. Calibration of the system was performed using indium standard.
Fourier transform infrared spectroscopy characterization (FTIR)
Fourier transform infrared spectroscopy (FTIR) characterization of pure PLGA 75:25 and CyA mixture in ratio of 100:10 and the lyophilized mixture was conducted in order to investigate the presence of specific chemical groups and interactions between the components. FTIR spectra were obtained within the range between 4000 and 400 cm −1 (Perkin-Elmer, Paragon 1000), using the diffuse reflectance spectroscopy method (DRIFTS-FTIR). Samples were mixed with dried KBr powder (1.0 wt %), then placed in a sampling cup and 64 scans were acquired at 2 cm −1 resolution with the subtraction of KBr background.
The preliminary in vitro study
The preliminary in vitro study was conducted by placing a tube containing 2.0 mL of BSS (balanced salt solution, Bausch & Lomb) and the implant was placed in an incubator at 37 °C at 30 rpm. At predetermined intervals, the entire medium was sampled and other 2.0 mL of fresh medium was immediately added to each tube. The release profile was evaluated as a cumulative percentage of cyclosporine-A released in the medium. The amount of the drug released was measured by high-performance liquid chromatography (HPLC) using a Waters ® apparatus.
Scanning electron microscopy characterization (SEM)
The implant sample morphology scaffolds was analyzed by SEM (JEOL model JSM-6360LV). Prior to SEM analysis samples were gold-coated, then directly observed at an accelerating voltage of 15 KV. Figure 1 shows the mixture lyophilized implants characteristics which presented cylindrical shape with approximately 4.00 mm of length and 1.00 mm of diameter. The average weight of implants was 5.9 ± 0.1 mg (n = 10) and the average incorporation of CyA into the polymeric matrix was of 31.6% (n = 3).
Results and Discussion
Synthesis and preparation of the intraocular implants
In addition, SEM micrographs of PLGA-CyA lyophilized samples showed a morphological aspect of uniform and homogeneous surface and the absence of significant superficial irregularities (Figure 2a,b) . Hence, the micrographs have proven to be an important tool for an adequate understanding the implant under in vitro delivery profile. 8 and no peak has been observed for the PLGA 25:25 (Figure 3b) . Therefore, the results confirmed its amorphous state 9 . In addition, the crystallinity of lyophilized CyA (Figure 3a) was not observed in the lyophilized mixture sample (Figure 3c ). This fact can be explained by the possibility of the CyA distribution into the polymeric matrix. It is believed that the drug presents a small molecular mobility capacity among the polymeric chains, characterizing the observed amorphous state of lyophilized mixture.
The X ray diffraction
Thermogravimetry characterization
The TG curves of PLGA 75:25 e CyA. The onset of mass loss for PLGA occurs at 247 °C and for CyA occurs at 254 °C. In addition, the 100% mass loss occurs at 378 °C and 600 °C for PLGA 75:25 e CyA, respectively (Figure 4) .
A thermal stability at 100-120 °C, temperature used in implants preparation, shows that both samples present thermal stability during the implant preparation, indicating the viability of the developed implant preparation method.
Differential scanning calorimetry characterization
The glass transition temperature (Tg) of the polymer can be used as a measurement for the mobility of the macromolecules 9 and the evaluation of the solid-to-liquid transition of the CyA characteristic consistent with a glass thermotropic liquid crystal 10 also give information about the CyA molecular mobility and changes at its semi-crystalline state. These characteristics can be used to explain the presence or absence of physical interaction.
The evaluations of the glass transition temperature of the lyophilized drug and polymer precursors and in the systems were obtained from the DSC curves ( Figure 5) . In Figure 5 it is showed the estimated polymers glass transition temperatures (50 °C) for all analysed samples: lyophilized polymer (Figure 5a ), lyophilized CyA (Figure 5b ) and lyophilized mixture (Figure 5c ). The CyA solid-to-liquid transition (124 °C) was detected only at the pure lyophilized CyA sample (Figure 5b ). The changes verified in the Tg values of polymers and CyA solid-to-liquid transition were according to the literature 10 .The absence of variation in the Tg of the polymers in the pure PLGA 75:25 (Figure 5a ) and lyophilized mixture (Figure 5c ), samples indicates an unchanged mobility from polymers chains. These samples, either in the pure form or associated in systems, have presented the same capacity of chain mobility, leading to an indication of the absence of physical interaction between polymers and drug. The inexistence of the CyA solidto-liquid transition in the lyophilized mixture (Figure 5c ) is probably related to the rearrangement of drug molecular conformation into the polymeric matrix or maybe to its impossibility to be detected under the experimental conditions, result that confirms the XRD hypothesis. During the association of polymer to drug, no detectable change on chain and molecular conformation could be verified.
The fourier transform infrared spectroscopy (FTIR) characterization
The possibilities of chemical and physical interactions were also evaluated by FTIR ( Figure 6 ). FTIR analysis was mostly based at the amide-I and ester region from the spectra once they are the specific chemical group present in each molecule under investigation, which would be a suitable indication for any chemical interaction that may occur among them. Also, the physical interaction between polymer network and drug was evaluated at the methyl asymmetric stretching region.
The FTIR spectra of the powders PLGA 75:25 and CyA with ratio 100:10 ( Figure 6a ) have given evidence of both PLGA (polymer) and CyA (drug) structure information, showing all major characteristic bands at 1750 cm -1 and 1628 cm -1 correlated to the presence of amides and ester groups in CyA and PLGA 75:25, respectively. These results are endorsed by FTIR spectra obtained from both pure CyA and PLGA 5:25 (data not showed) and with the previously reported literature 4, 11 . The lyophilized mixture (Figure 6b ) presented similar vibrational band at 1740 cm -1 (C = O ester stretching) and band at approximately 1630 cm -1 (C = O primary amide stretching). On the other hand, important bands related to νC-H stretching were found to be slightly different at 2959 and 2924 cm -1 when compared to both precursors powders (2944 and 2995 cm -1 ). Peaks at 3319 and 3316 cm -1 associated with νC-N stretching of amide-I were identified in the samples from lyophilized mixture (Figure 6b) .
The characteristics bands of amide-I and ester groups in the region of 1680-1630 cm -1 and 1725-1750 cm -1 have given some evidence of the lack of any major strong chemical interaction. Besides that, the integrity of amide-I stretching band (C-N) indicates the stability of β-sheets intermolecular interaction present in the drug and, consequently, CyA stability and biological activity was maintained 11 .
Although the presence of a minor change in the methyl stretching band in polymer/drug samples, we have not considered this value as associated with some physical interaction. Such results are attributed to some probable alteration on CyA conformation, endorsed by the presence of N-H amide-I stretching. The observed high intensity band associated with N-H amide-I stretching in all investigated samples are likely to be due to a CyA molecular rearrangement through hydrophilic interaction aiming to reach the most stable thermodynamic conformation at polymer/drug interface, supporting the results from XRD and DSC techniques.
TG curves have proved the thermal stability of samples at the implant preparation temperature. Moreover, the XRD patterns associated with DSC and FTIR results showed the drug distribution into the polymeric matrix.
In FTIR spectra no extra bindings or chemical shifts were observed, indicating that there is no strong chemical interaction between polymer and drug into the polymer/drug network. In addition no detectable changes in polymer thermal behavior from DSC data are attributed to the absence of physical interactions between polymer and drug. These results confirm the drug chemical stability, the permanence of their biological activity and the possibility of drug sustained delivery system profile.
The preliminary in vitro studies
The preliminary in vitro release study of the intraocular implant developed was performed to determinate the initial CyA delivery profile. A slow and prolonged release was observed during the 23 weeks (Figure 7) .
The cumulative CyA released was 8.4% to mixture lyophilized implants ( Figure 7 ). The ratio of CyA released is most probably regulated by the diffusion of the drug in the swelled polymer network and not by the polymer matrix disintegration. Such affirmation can be made once it was not observed any significant implant mass loss during the in vitro release assay ( Figure 7 ). Besides that, the drug release profile can be also attributed to the homogeneous implant surface obtained as showed in SEM micrograph (Figure 2) . Consequently, such results indicate the possibility of the biodegradable implants to deliver CyA in a prolonged way when incubated in similar posterior segment of the eye conditions.
Conclusions
In the present work biodegradable polymeric intraocular implants were developed and obtained from lyophilized mixture sample. Based on the nanostructure evaluation of the polymer/drug network, we have successfully characterized the system with several different techniques. We have showed by XRD the CyA distribution into the implant polymeric matrix. These findings were confirmed by DSC and FTIR results. Besides that, DSC and FTIR showed the absence of some detectable physical and chemical interaction between drug and polymer and the presence of the CyA in structural biological activity. The morphological characterization showed the homogeneous implant and the preliminary in vitro release studies proved the implant capacity to release the drug in a prolonged profile when incubated into a medium condition similar to the eye constituents. In summary, the delivery system developed and fully characterized in the present work can be applied, in the future, for the treatment of posterior uveitis. 
